INTRODUCTION
Osteonecrosis of the jaw (ONJ) in cancer patients is related to antiresorptive therapy, such as bisphosphonates and denosumab, and angiogenesis inhibitors, such as bevacizumab and sunitinib. [1] [2] [3] Medications with antiangiogenic effect, such as sorafenib, imatinib, everolimus, aflibercept, trastuzumab and pazopanib were related to ONJ in few case reports. [4] [5] [6] [7] [8] Ipilimumab, a monoclonal antibody against cytotoxic T-Lymphocyte-Associated Antigen-4 (CTLA-4) was recently associated with ONJ. [9] In patients receiving antiresorptives, concurrent chemotherapy was reported as a risk factor, while chemotherapy alone has also been related to ONJ in three patients. [10] [11] [12] Dental extraction has been considered as one of the causes for ONJ. [13] [14] [15] This myth has, however, been questioned. [16] It is now believed that the dental extraction, indicated due to periodontal/dental infection and disease, will lead to exposure of the alveolar bone, which may already be necrotic and will not heal. [17] Infection, within a unifying concept of medication-related impaired immune response was proposed to play an important role in the pathophysiology of ONJ. [18] In this paper we report what we believe is the first case of ONJ in a patient with acute myeloid leukemia (AML), who was treated with azacitidine. The presence of alveolar bone disease leads to the dental extraction and the subsequent diagnosis of ONJ.
CASE REPORT
A 64-year-old male, smoker was diagnosed on April 2010 with myelodysplastic syndrome (refractory anemia) of low-risk according to IPSS (normal karyotype, without cytopenia, blasts 3-4%). [19] One year later the patient progressed to refractory anemia with excess blasts, type II (RAEB-II), normal karyotype, without cytopenia, blasts 15%. [20] He was placed on 5-azacitidine therapy [75 mg/m 2 (150 mg) day 1 to day 7 on 28 days cycle] with partial remission (Hgb > 11 g/dL, Platelets > 100 × 10 9 /L, Neutrophils > 1.0 × 10 9 /L, bone marrow blasts decreased by 50% but still > 5%). Two years later, after 17 cycles of 5-azacitidine, he progressed to AML. His complete blood counts showed: Hemoglobin 9.6 gr/dL, white blood cells 21. Patient did not consent to receive induction chemotherapy and was placed on low intensity chemotherapy with hydroxyurea per os for six months. Bone marrow biopsy revealed greater than 60% blast cell infiltration, with a normal karyotype and patient was treated again with 5-azacitidine from that time to present. Bone marrow blasts dropped to 14%. A gutta-percha cone has been inserted through the fistula On June 2014 the patient received a restoration of the 2nd right mandibular premolar because of pain. Pain and purulence persisted in spite of endodontic therapy. Dental extraction was recommended and completed in December 2014. The post-extraction follow up revealed a nonhealing socket. This area was managed with antibiotics (amoxicillin alone or combined with metronidazole) and surgical debridements (January to July 2015). A biopsy taken from the soft tissue of the socket showed granulation tissue. On July 2015 pain, swelling and purulence at the site of previous extraction [ Figure 1] , with necrotic bone being probed through a fistula and radiolucency, was observed on the periapical X-ray [ Figure 2 ], leading to the diagnosis of osteonecrosis.
Management with antibiotics, ozone oil applications and low level laser therapy (LLLT) treatments , twice weekly, resulted in remission of symptoms [ Figure 3 ], while the radiolucency and fistula persisted [ Figure 4 ].This is a retrospective case presentation from existing de-identified medical record data. Patient gave consent for the medical record review.
DISCUSSION
Azacitidine is a chemical analogue of the cytosine nucleoside and functions as a DNA demethylating agent and as an antimetabolite.
[21] Reduced cell division and growth may result from demethylation of DNA. Azacytidine, as a metabolite, can exert a direct myelotoxic and cytotoxic effect. Azacytidine, by both its demethylating and antimetabolite actions, might have negatively affected the increased need of cellular division and growth of bone remodeling and the soft tissue healing after the dental extraction in our patient. Azacitidine-related cytotoxicity and impaired immune response to infection could have also contributed to the development of alveolar bone disease and infection, which had preceded the appearance of ONJ.
Gemcitabine chemotherapy was associated with ONJ in a patient to Sezary syndrome, an aggressive leukemic form of cutaneous T-cell lymphoma. [12] In that case, ONJ was related to the effects of gemcitabine, through suppression of vascular endothelial growth factor. Osteonecrosis was also reported in a patient with AML and in one with breast cancer, who received aggressive chemotherapy. No azacitidine was administered to the above patient with AML. Neutropenia and severe immune suppression were related to the development of ONJ in those cases. [10] The presently reported patient developed ONJ while he was on azacitidine therapy. T-cell-related altered immune response and infection were related with ONJ in another patient, with advanced metastatic melanoma, who received ipilimumab. [9] Pain, purulence and periodontal ligament widening indicating alveolar bone disease and infection preceded the appearance of ONJ in all those cases, including the present case. Our findings support the proposed role of alveolar bone disease and infection in the pathogenesis of ONJ. [17, 18] The major treatment objectives for patients with ONJ are pain and infection control and minimization of ONJ progression. Antibiotics and topical antiseptics combined with ozone oil applications and LLLT are used as best available clinical practice for early ONJ stages. [1, 5, 17, 22] Ozone oil has antimicrobial and healing properties, while LLLT biostimulation can improve healing. [23, 24] The patient was managed with antibiotics, amoxicillin and/or metronidazole, ozone oil applications and LLLT. The long delay (12 months) for the diagnosis of ONJ and the multiple unsuccessful dental and surgical interventions, combined with the continued azacitidine therapy, may be related to the persistent ONJ lesion.
In conclusion, this case increased the list of medications that can lead to ONJ and highlighted the importance of the presence of localized alveolar bone infection prior to the appearance of ONJ. The occurrence, though rare, of this potentially serious complication may increase with the long-term survival of cancer patients.
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